Introduction
Cell-free extracts o f Ruta graveolens cell sus pension cultures catalyze the condensation of N-methylanthranilic acid and malonyl-CoA in the presence of ATP and M g2+ [1, 2] . After addition of CoA-SH to the incubation mixture an inhibitory effect on alkaloid form ation was observed as was previously described for the chalcone synthase reaction [3, 4] . It may be assumed that the incorpo ration of N-methylanthranilic acid proceeds via the corresponding CoA thiol ester. Activation of N-m ethylanthranilic acid in the presence o f hydroxylamine was described earlier but the exact mechanism of this reaction has not been clarified e.g. a specific N-methylanthranilate: CoA ligase was not detected [5] .
In this communication we report for the first time a chemical synthesis of N-methylanthraniloylCoA (1) and its role as primer molecule for the formation of 1,3-dihydroxy-N-methylacridone.
Materials and Methods
Mass spectra were recorded on an A M D 402; 70 eV EIMS and LSIMS experiments were per formed. -'H NM R: Bruker AC 300, calibration according to ref. [6] . 
Preparation o f N-succinimidyl N-methylanthranilate
N-m ethylanthranilic acid (10 mmol, 1.5 g) and N-hydroxysuccinimide (10 mmol, 1.2 g) were dis solved in 100 ml absolute CHC13. After addition of dicyclohexyl carbodiimide (11 mmol, 2.5 g) the mixture was kept at room tem perature for 21 h with stirring. The dicyclohexylurea was then fil tered off and the organic layer evaporated in vacuo. The residue was dissolved in 50 ml ethylacetate and the solution extracted 3-times with satu rated 1 m sodium bicarbonate solution and 3-times with water. The organic phase was dried (N a2S 0 4), filtered, and evaporated in vacuo. The residue was dissolved in a few ml CHC13, and the ester purified by column chrom atography (silica gel, 20 * 400 mm solvent; CHC13). Fractions containing the ester were pooled, concentrated in vacuo and the ester crystallized by addition of light petrol as yellow needles, m.p. 151-154 °C in 80% yield. MS (70eV): m /z 248 (17%, M +), 134 (100, M-succinimidyl), 116(13), 106 (9), 91 (9), 77 (14).
Preparation o f N-methylanthraniloyl coenzyme A (1)
All steps were carried out under N 2 atm osphere in the dark at 4 °C. N-Succinimidyl N-m ethylan thranilate (248 mg) was dissolved in 30 ml acetone and the solution diluted with 30 ml distilled wa ter. Subsequently CoA (200 mg) and N a H C 0 3 (212 mg) were added and the mixture stirred for 24 h. The yellow mixture was acidified with 2 m formic acid, the acetone removed in vacuo, and the aqueous phase exhaustively extracted with ethylacetate. The aqueous phase was poured on an ionexchange column (DEAE-Sepharose, 20 x 160 mm, equilibrated with 0.1 m HCOOH). The column was washed with 0.1 m HCOOH until no UV-absorbing material was detectable.
The CoA ester was eluted with a gradient by mixing 0.1 m formic acid and 2 m sodium formiate pH 3. 
Preparation o f enzyme extracts
The cultivation of the acridone alkaloid-producing R. graveolens cell line R-20 has been described earlier [2] . The crude enzyme was prepared accord ing to [1, 2] , General procedure: Lyophilized cells (7.0 g) were thoroughly ground in a m ortar with dry ice in the presence of 1 g Polyclar AT and sub sequently suspended in 70 ml 0.1 m Tris-HCl buf fer pH 7.5 (unless otherwise stated) containing 0.5 m M EDTA, 2 m m ercaptoethanol and 10% glycerol. The homogenate was centrifuged at 15000 x g for 30 min and the supernatant used for enzyme assay.
Enzyme assays
Assay A contained in a total volume o f 0.5 ml: 20 nmol [2-14C]malonyl-coenzyme A (7.33 KBq), 50 nmol N-m ethylanthraniloyl-CoA, 1 mg protein and 300 jxl Tris x HC1 buffer pH 7.5 (unless other wise stated).
Assay B contained in a total volume of 0.5 ml: 20 nmol [2-I4C]malonyl-coenzyme A (7.3 KBq), 0.5 |xmol N-m ethylanthranilic acid, 2.5 nmol ATP, 2.5 [imol M gCl2, 1 mg protein and 300 nl Tris-HCl buffer pH 7.5.
Incubations were carried out at 32 °C for 2 h.
Analytical procedures
Isolation and identification of the enzyme reac tion product (1,3-dihydroxy-N-methylacridone) were performed as described [2] , Protein concentrations were determined accord ing to Bradford [7] using bovine serum albumin as standard.
Results and Discussion
It has been postulated [8] , that the incorporation of anthranilic acid and/or N-methyl-anthranilic acid into acridone alkaloids may proceed via the corresponding CoA thiol esters as the activated acyl moiety. In order to test this hypothesis we de cided to prepare the CoA-derivative o f N-methylanthranilic acid (1) . Recently, 2-aminobenzoylCoA was obtained by enzymatic synthesis using a coenzyme A ligase from a Pseudomonas strain, but the attem pted chemical synthesis of this com pound was not successful [6] .
Various methods are known for the chemical synthesis o f acyl-CoA thioesters [9] . In our hands the N-succinimidyl ester of N-methylanthranilic acid proved to be especially useful as activated in term ediate to prepare N-m ethylanthraniloyl-CoA. The crystallized succinimidyl-derivative was ob tained in good yield and was used for a transacylation step with CoA-SH giving the desired thio ester.
N -M ethylanthraniloyl-CoA was identified by the hydroxam ate assay, alkaline hydrolysis and, definitely by LSIMS and 'H N M R. In the MS es pecially indicative were the fragments at m[z 901 (M + H )+ and m /z 134 (C H 3-N H -C 6H4-C = 0). The 'H N M R spectrum o f N-methylanthraniloylCoA closely resembles that of 2-aminobenzoylCoA [6] except that in the first com pound the sig nals from the four arom atic protons of the an-thranilate moiety are shifted downfield and that it shows in addition the N -C H 3 signal at 3.05 ppm.
The results o f incubations o f an enzyme prepa ration from Ruta graveolens cells with various sub strates are summarized in Table I In the case of the chalcone and resveratrol synthases the acyl acceptor which is activated by coenzyme A is/7-coumaric acid [11] . We are now pursuing the identification o f a spe cific N -m ethylanthranilate: CoA ligase as well as the purification of acridone synthase.
